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Background
Bisphosphonates (BPs), which possess a high chemical affinity for bone and specifically inhibit osteoclastic bone resorption, have been widely and safely used for the treatment of bone metastasis and osteoporosis in which an excessive increase in osteoclastic bone resorption occurs. BP-related osteonecrosis of the jaw (BRONJ) was first reported in 2003 by Marx, who noted numerous cases in cancer patients with bone metastasis and patients with osteoporosis who were treated with BPs [1] . BRONJ is a rare but intractable disease. Since its pathophysiology remains unclear, physicians, dentists, and oral surgeons have had difficulty in the management of patients with BRONJ from the early days until recently. However, our understanding of BRONJ has gradually and steadily advanced over the last several years through analytical reviews of accumulating clinical and preclinical data. In this context, it is particularly noteworthy that recent clinical studies have shown that the occurrence of BRONJ is significantly reduced by blocking oral infection via extensive oral health control [2] [3] [4] , suggesting that infection is a key step in the development of BRONJ.
Denosumab, a human IgG2 monoclonal antibody against receptor activator of nuclear factor-kappa B ligand (RANKL) [5] , is a new therapeutic agent for osteoporosis and bone metastasis, with a half-life of approximately 1 month. Unlike BPs, which promote apoptosis in osteoclasts, denosumab inhibits osteoclastic bone resorption without causing apoptosis. Furthermore, denosumab is not deposited in the bone and thus does not persist for long periods of time, as is the case with BPs, and so the effects of denosumab are reversible. These pharmacological properties of denosumab initially led us to assume that ONJ would be unlikely to occur from treatment with denosumab. To our surprise, however, patients treated with denosumab also developed ONJ (denosumab-related osteonecrosis of the jaw [DRONJ]), which was clinically indistinguishable from BRONJ and occurred at almost the same rates [6] .
Since both BP and denosumab-which show antibone resorption effects via different molecular mechanisms of action-are associated with ONJ, antiresorptive agent-related ONJ (ARONJ) [7] has been suggested as a comprehensive term encompassing both BRONJ and DRONJ. The American Association of Oral and Maxillofacial Surgeons (AAOMS) has proposed the term "medication-related osteonecrosis of the jaw" (MRONJ), based on observations that antiangiogenic inhibitors and molecularly targeted drugs such as tyrosine kinase inhibitors are also infrequently associated with ONJ or increase the incidence of BRONJ/DRONJ in cancer patients receiving BPs or denosumab, although global consensus has not yet been established [8] . In this position paper, the term "ARONJ" will be used, according to the proposal by the International Task Force on Osteonecrosis of the Jaw [2] , of which the Japanese Society for Bone and Mineral Research is a member.
In the 6 years since the first position paper on BRONJ was published by the Japanese Allied Committee on Osteonecrosis of the Jaw in 2010 [9] , DRONJ has emerged, numerous and diverse cases of ARONJ have been reported, and clinical and preclinical studies on ONJ have accumulated, thereby increasing our understanding of ONJ and enabling improved management of the disease. The Position Paper 2017, which is an updated and revised version of the Position Paper 2010, attempts to provide the latest clinical and basic information regarding ARONJ and proposes a consensus for management of ARONJ in Japan.
The paper was compiled by the Japanese Allied Committee on Osteonecrosis of the Jaw (hereinafter referred to as the "Allied Committee"), whose members comprise a diverse group of bone specialists, including physicians, orthopedic surgeons, rheumatologists, obstetricians, medical oncologists, oral surgeons, periodontists, dental radiologists, oral pathologists, and cancer biologists. The committee was organized through a collaboration among six academic societies: the Japanese Society for Bone and Mineral Research, Japan Osteoporosis Society, Japanese Society of Periodontology, Japanese Society of Oral and Maxillofacial Radiology, Japanese Society of Oral and Maxillofacial Surgeons, and the Japanese Society of Clinical Oral Pathology.
Antiresorptive agent-related osteonecrosis of the jaw (ARONJ)

Uniqueness of the jawbone
There are several unique anatomical and microbiological characteristics of the jawbone that could be responsible for the specific occurrence of ARONJ. These characteristics are not found in bones in other parts of the body.
1. The teeth erupt from the jawbone, breaking through the oral epithelium, allowing infectious factors, agents, and microbes in the oral cavity to directly invade the jawbone via the gap between the epithelium and the teeth or via root canal. 2. The oral mucosa covering the jawbone is thin, and infection caused by mucosal injury spreads to the jawbone beneath the mucosa. 3. More than 800 types of resident bacteria (10 11 to 10 12 / cm 3 ) inhabit dental plaque and can serve as a source of infection in the oral cavity. 4. Inflammation due to tooth decay, pulpitis, periapical lesions, or periodontal disease extends to the jawbone. 5. The jawbone is exposed to the oral cavity following invasive dental treatments including tooth extraction, leading to infection.
Thus, the environment around the jawbone is predisposed to bacterial infection [10] , which may explain the specific occurrence of ARONJ.
Diagnosis of ARONJ
In 2014, AAOMS proposed additional diagnostic criteria for ONJ, and the Allied Committee agreed to adopt these new criteria. Accordingly, ARONJ is definitively diagnosed when the following three conditions are met:
1. Patients have a history of treatment with BP or denosumab. 2. Patients have no history of radiation therapy to the jaw.
Bone lesions of ARONJ must be differentiated from cancer metastasis to the jawbone by histological examination. 3. Exposure of alveolar bone in the oral cavity, jaw, and/or face is continuously observed for longer than 8 weeks after first detection by a medical or dental expert, or the bone is palpable in the intra-or extraoral fistula for longer than 8 weeks [8] . These criteria do not apply to Stage 0 ARONJ.
Incidence of ARONJ
The reported incidence of ARONJ varies by study, and there are no reliable epidemiological data derived from evidence-based medicine. This position paper follows the data cited by the International Task Force on ONJ [2] .
Patients with osteoporosis
BRONJ
The incidence is 1.04-69/100,000 patients per year treated with orally administered BPs, and 0-90/100,000 patients per year treated with intravenous administration. The incidence of ONJ in patients with osteoporosis treated with oral/intravenous nitrogen-containing BPs ranges from 0.001 to 0.01%, which is estimated to be almost the same or slightly higher than the incidence (0.001%) of ONJ in the general population.
DRONJ
The incidence is 0-30.2/100,000 patients per year.
Cancer patients
The incidence of ONJ in cancer patients is higher than that in patients with osteoporosis. Prospective studies on the incidence of ONJ were conducted in cancer patients treated with zoledronic acid or denosumab. Among 5723 patients with breast, prostate, and other solid cancers and multiple myeloma, 52 patients (1.8%) treated with denosumab and 37 patients (1.3%) treated with zoledronic acid (i.e. 89 cancer patients in total) developed ONJ over a 3-year followup period [6, 11] .
Incidence of ARONJ in Japan 
Clinical manifestations and staging of ARONJ
The clinical manifestations and staging of ARONJ are summarized in Table 1 . Paresthesia of the chin, including the lower lip (Vincent's symptom), in patients treated with BP is an early sign of ARONJ, before alveolar bone exposure is detected.
Stage 0
The [16] . The incidence of DRONJ in cancer patients is reported to be less than 2%, and equivalent to that of BRONJ [6, 11] . The incidence of DRONJ in patients with osteoporosis is unknown.
Serum biochemical markers of bone turnover and ARONJ
The values of serum biochemical markers of bone turnover are reduced by treatment with BP and denosumab. Thus, these markers may be of use for diagnosis, follow-up, and assessment of therapeutic effects in patients with ARONJ [17] . However, most clinical studies have found no significant correlation between changes in serum bone turnover markers and the occurrence and progression or healing of ARONJ [2] . Therefore, bone turnover markers that are currently used are unlikely to have diagnostic value for ARONJ.
Imaging
For patients undergoing treatment with low-dose antiresorptive agents, and who have no evident clinical manifestations of ARONJ, intraoral and panoramic radiographs in conjunction with clinical manifestations are sufficient for diagnosis ( Fig. 1) . Intraoral radiographs, which have high resolution, can reveal the site of infection in detail.
For cancer patients being treated with high-dose antiresorptive agents, intraoral radiographs of all existing teeth and panoramic radiographs are recommended in order to identify potential sites of infection, even if no signs of ONJ are present, since these patients are potentially at increased risk of developing ONJ.
For patients who are clinically suspected of having ONJ, computed tomography (CT) and dental cone beam CT are helpful for detecting early changes in trabecular and cortical bones of the jaw and in assessing sequestra, fistula formation, periosteal responses, and involved teeth. However, the use of dental cone beam CT is limited to localized lesions and as a supplement to CT. CT must be combined with intraoral and panoramic radiographs. For cases in which differential diagnosis between ONJ and malignant tumors is required, the use of CT and magnetic resonance imaging (MRI), rather than dental cone beam CT, is recommended. [14] Stage 0* Clinical symptoms: no bone exposure/necrosis, deep periodontal pocket, loose tooth, oral mucosal ulcer, swelling, abscess formation, trismus, hypoesthesia/numbness of the lower lip (Vincent's symptom), non-odontogenic pain Imaging findings: sclerotic alveolar bone, thickening and sclerosis of lamina dura, remaining tooth extraction socket Stage 1 Clinical symptoms: asymptomatic bone exposure/necrosis without sign of infection, or fistula in which the bone is palpable with a probe Imaging findings: sclerotic alveolar bone, thickening and sclerosis of lamina dura, remaining tooth extraction socket Stage 2 Clinical symptoms: bone exposure/necrosis associated with pain, infection, fistula in which bone is palpable with a probe or at least one of the follwoing symptoms including bone exposure/necrosis over the alveolar bone (e.g. reaching the mandibular inferior edge or mandibular ramus, or reaching the maxillary sinus or mandibular ramus or the cheek bone), which result in pathologic fracture, extraoral fistula, nasal/maxillary sinus fistula formation, or advanced osteolydis extending to the mandibular inferior edge or maxillary sinus.
Stage 3 Clinical symptoms: bone exposure/necrosis associated with pain, infection, or at least one of the following symptoms, or fistula in which bone is palpable with a probe. Bone exposure/necrosis over the alveolar bone (e.g. reaching the mandibular inferior edge or mandibular ramus, or reaching the maxillary sinus or mandibular ramus or the cheek bone). As a result, pathologic fracture or extraoral fistula, nasal/maxillary sinus fistula formation, or advanced osteolysis extending to the mandibular inferior edge or maxillary sinus Imaging findings: osteosclerosis/osteolysis of the surrounding bone (cheek bone, palatine bone), pathologic mandibular fracture, and osteolysis extending to the maxillary sinus floor 1 3
MRI, which allows the assessment of changes in the bone marrow, may be useful for diagnostic evaluation of ONJ. For ONJ patients undergoing conservative and/or surgical treatment, the characteristics and extent of bone changes surrounding exposed bone can be assessed by CT and dental CT. MRI is useful for assessment of the surrounding soft tissue, in addition to the bone. Existing teeth that may be a cause of infection can be detected by intraoral radiographs [18] .
Recent studies have proposed that hybrid single-photon emission computerized tomography (SPECT)/CT may be useful for distinguishing ONJ lesions from unaffected healthy bone at the time of surgical intervention for ONJ [19, 20] . Simple positron emission tomography (PET) using 18 F-FDG and PET/CT may also be useful for assessment of ONJ lesions.
At present, no specific differences in images between BRONJ and DRONJ have been described.
Histopathological findings in ARONJ
Although the histopathological definition for diagnosis of ARONJ has yet to be established, several features of ARONJ have been noted. The major histopathological finding in BRONJ is characterized by chronic osteomyelitis accompanied by osteonecrosis. In BRONJ lesions, relatively large osteoclasts detaching from the bone surface are observed, similar to those seen in bones treated (Fig. 2a) . Trabecular bone exhibits mosaicpattern lines of bone remodeling (Fig. 2b) , with increased thickness and decreased osteon density (osteon number/ bone area). These histological features resemble those of bones in which osteoclastic bone resorption is inhibited by BP [22] . On the other hand, trabecular bones with active inflammation demonstrate extensive osteoclastic bone resorption with resorption lacunae. Of note, Actinomyces colonies (resident bacteria in the oral cavity) are frequently present in contact with necrotic bones in ONJ lesions (Fig. 2b, insert) , raising the possibility that Actinomyces bacteria play a role in the pathogenesis of BRONJ [23] . A histopathological study on DRONJ published by a Japanese group showed that the number of osteoclasts was decreased and the number of immature osteoclasts with few nuclei was increased in DRONJ lesions, presumably due to the action of denosumab [24] . However, whether these histopathological features are unique to DRONJ and distinct from those of BRONJ is currently unknown.
Risk factors for ARONJ
Proposed risk factors for ARONJ are listed in Table 2 . Among these, invasive dental treatments such as tooth extraction, dental implant, or apical/periodontal surgery are definitive local risk factors for ARONJ. It should be noted, however, that the list is not based on robust medical evidence, but is a summary of published reports investigated by the Allied Committee. Here, newly listed risk factors are discussed.
Dental implants and ARONJ
Recent reports suggest that dental implantation procedures performed in patients with cancer or osteoporosis prior to treatment with BPs are not likely associated with subsequent occurrence of BRONJ, if oral health is appropriately managed [25, 26] . However, dental implantation performed during or after BP treatment is a potential risk factor for BRONJ.
It is unknown whether dental implants are a risk factor in patients receiving denosumab. Implants are not advised for cancer patients who are receiving antiresorptive treatment, and alternative dental measures are recommended. On the other hand, in patients with osteoporosis, dental implantation may be performed in cases in which physicians and dentists agree that dental implants are essential for improving the systemic and oral health of patients.
New therapeutic agents and ARONJ
In Table 2 , denosumab, ibandronate, and antiangiogenic agents and tyrosine kinase inhibitors are newly listed. Denosumab was launched in Japan in 2012, after the Position Paper 2010 was published, and has since been widely used in the treatment of bone metastases and osteoporosis, with infrequent occurrence of DRONJ. Ibandronate was also launched as a new BP for the treatment of osteoporosis in Japan, and a prospective Japanese study showed no significant difference in the incidence of ONJ between osteoporotic patients treated with intravenous and oral ibandronate [27] , suggesting that the route of administration does not influence the occurrence of BRONJ associated with ibandronate.
Antiangiogenic agents and tyrosine kinase inhibitors, which are essentially administered as adjuvants in the treatment of cancer patients, have been shown to cause ARONJ, albeit very rarely, when used alone, or to increase the incidence of ARONJ when used concomitantly with BP or denosumab [28] .
Mechanism of ARONJ
The mechanism responsible for ARONJ is not fully understood. A major question is why the incidence of ARONJ is so low in osteoporotic patients despite millions of such patients receiving BP or denosumab. It is also not known why ARONJ spontaneously develops in patients who are treated with antiresorptive agents but do not undergo invasive dental treatment. These issues cannot be explained solely by the mechanisms currently proposed. Animal models in which ONJ is induced by administration of BP or RANKL inhibitors, followed by tooth extraction, have recently been developed in mice, rats, dogs, and pigs [29] [30] [31] . These models should allow us to determine the pathophysiology and mechanism of ARONJ and to develop new therapeutic interventions. The mechanisms already described in the literature are summarized below. Complex interactions between these mechanisms, together with additional, as-yet-unknown mechanisms, are assumed to lead to the development and progression of ARONJ [29] .
1. Inhibition of bone remodeling and excessive inhibition of osteoclast activity by antiresorptive agents 
Dental treatments and discontinuation of antiresorptive therapy Dental treatments in patients who are to receive antiresorptive therapy
Before initiation of antiresorptive therapy, physicians must explain to patients not only the benefits of antiresorptive agents for bone metastases and osteoporosis, but also the associated risk for ONJ. It is wise to request that patients visit a dentist for control of oral health to prevent the occurrence of ONJ. During dental treatment in these patients, interactive communication and close cooperation between physicians and dentists is essential. It is most appropriate that physicians inform dentists of the current status, clinical courses, therapeutic history, and prognosis of the primary disease. Ideally, all dental treatments should be completed 2 weeks before starting antiresorptive treatment. However, in the event that antiresorptive treatment cannot be delayed due to progression of bone metastases or high risk of fracture, administration of antiresorptive agents in parallel with dental treatments may be acceptable. During antiresorptive treatment, patients should be instructed by physicians to adhere to routine dental visits for oral examination. Dentists should immediately inform physicians of the results of oral examinations and dental treatments, so that there is no delay in commencing antiresorptive therapy. It is also helpful for physicians to ask patients about the status of their oral cavity and teeth at their visits.
Dental treatments in patients receiving antiresorptive agents
Discontinuation of BPs before starting dental treatments
There is considerable controversy around the question of whether discontinuation (drug holiday) of BPs for a certain period of time before invasive dental treatment is effective in preventing or reducing the occurrence of BRONJ. The arguments are as follows:
• There is little clinical evidence that short-term discontinuation of BPs helps to prevent the occurrence of BRONJ resulting from invasive dental treatments.
• Based on the physicochemical properties of BPs that are deposited and persist in the bone for a long period of time [5] , it appears unlikely that a short-term BP drug holiday will prevent BRONJ.
• A survey conducted by the Japan Osteoporosis Society showed no changes in the incidence of BRONJ in osteoporotic patients even when BPs or denosumab were discontinued before dental treatment [32, 33] .
• In osteoporotic patients who take a BP drug holiday, exacerbation of osteoporosis, including decreased bone mineral density and increased incidence of fractures, has been observed [32] [33] [34] . • Given the extremely low incidence of BRONJ in osteoporosis, the benefits of BP for fracture prevention outweigh the risks for BRONJ [35] .
• Several recent studies have reported that infection is a key event for BRONJ, and that extensive infection control before invasive dental treatments reduced the risk of BRONJ [3] . Of particular note, this study also showed that BRONJ did not occur even in cancer patients who had previously had BRONJ at other sites in the oral cavity, if infection was properly controlled. These results suggest that infection control is most important for prevention of BRONJ.
• The American Dental Association estimates that the incidence of ARONJ in patients with osteoporosis is at most 0.1%, and suggests that the benefits of antiresorptive therapy for fracture prevention outweigh the risks for ARONJ. Discontinuation of antiresorptive treatment is unlikely to reduce the risk of ARONJ, but will increase the negative effects such as increased fracture occurrence [7] .
These pieces of background information collectively suggest that a BP drug holiday before starting invasive dental treatment is not logically supported.
In contrast, the advisory board of the US Food and Drug Administration (FDA) (http://www.fda.gov/downloads/ AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/ DrugSafetyandRiskManagementAdvisoryCommittee/ UCM270958.pdf), AAOMS [8, 17] , and other groups [36, 37] have described an increased incidence of BRONJ in patients with osteoporosis who were treated with BPs for longer than 4 years, based on retrospective studies with a small number of cases. From these results, AAOMS recommended that, for patients receiving antiresorptive therapy for longer than 4 years and who have low fracture risk but potentially high risk for BRONJ, discontinuation of antiresorptive treatment for approximately 2 months before invasive dental treatment should be considered, in consultation with the physician [8] . The Japanese Society of Oral and Maxillofacial Surgeons and other academic societies including the Korean Society for Bone and Mineral Research, the Korean Association of Oral and Maxillofacial Surgeons [38] , and the International Association of Oral and Maxillofacial Surgeons (IAOMS) support the AAOMS proposal. Thus, no consensus has yet been reached regarding whether a BP drug holiday before invasive dental treatment is appropriate and necessary for prevention of BRONJ. To address this important issue, prospective clinical studies should be performed cooperatively among allied teams of physicians, dentists, and oral surgeons, ideally at an international level in order to include as many BRONJ cases as possible. Regardless of the results of such studies, however, it is most important that invasive dental treatments for patients receiving antiresorptive therapy are conducted using careful and meticulous surgical techniques, with elaborate planning in conjunction with extensive control of oral infection.
Suggested dental treatment in patients with cancer and osteoporosis who are receiving BPs
Many review articles have proposed practical approaches for preventing BRONJ in patients receiving BPs during dental treatments [2-4, 7, 8] . The Position Paper 2017 proposes the following as an example. Dental experts will need to educate patients on the importance of daily oral sanitation, including how to clean the oral cavity after each meal and rinse their mouths with antibacterial mouthwash. In parallel, dentists make every effort to eliminate the causes of infection such as dental plaque, calculus, tooth decay, remaining roots, periodontitis, apical lesions, illfitting dentures, crowns, and inlays. Subsequently, dentists can begin conservative dental treatment without discontinuation of BPs. In the case that invasive dental treatment such as removal of the teeth responsible for BRONJ is inevitable, however, antibacterial agents will be administered to patients in advance, and invasive dental treatments should be restricted to the minimum extent and area possible to avoid discontinuation of BP treatment. At the end of the invasive treatment, the remaining sharp edges of alveolar bone should be smoothed, and surgical wounds should be closed primarily with mucoperiosteal flap lined by the periosteum.
Suggested dental treatment in patients with cancer and osteoporosis who are receiving denosumab
For cancer patients with bone metastases, studies have found that the benefits of denosumab are highly superior to those of zoledronic acid [11] . The incidence of DRONJ and BRONJ, however, was found to be similar in patients with cancer [6] . DRONJ has also been reported in Japan in patients with osteoporosis undergoing treatment with denosumab, although the incidence is extremely low [39] .
Similar to cases of patients treated with BPs, dentists perform conservative dental treatments without a drug holiday. Invasive dental treatments, if inevitable, can be conducted without a drug holiday following appropriate infection control. A recent case report showed uneventful healing of tooth extraction sockets by closing the sockets with oral mucosa to prevent secondary infection in patients receiving denosumab [40] . Interestingly, another case report from Japan noted that healing of DRONJ occurred in colon cancer patients with bone metastases after discontinuation of denosumab [41] , suggesting that the actions of denosumab are reversible. Given that denosumab is administered to osteoporotic patients once every 6 months, and the half-life of denosumab is approximately 1 month, there is an ample window of time within the 6-month interval to plan for dental treatments.
Of note, a recent study reported intriguing experimental results in a mouse model in which administration of osteoprotegerin (OPG)-Fc or zoledronic acid caused ONJ [31] . In this model, ONJ was spontaneously healed by discontinuation of OPG-Fc, while healing did not occur with discontinuation of zoledronic acid. Since OPG-Fc has RANKL inhibitory action similar to denosumab, these findings are consistent with the notion that the effects of denosumab are reversible.
Discontinuation of antiresorptive therapy after invasive dental treatments
Antiresorptive agents may interfere with the healing of surgical wounds, especially epithelialization [29] . In this case, it may be necessary to temporarily discontinue antiresorptive treatment or change to alternative therapeutic drugs not associated with ONJ until surgical wounds have healed completely. The decision to continue or discontinue antiresorptive treatment must be made jointly by the physician and dentist based on fracture risk according to the "Guidelines on the prevention and treatment of osteoporosis 2015"
[42] and the status of healing of surgical wounds in the oral cavity.
Timing of resumption of antiresorptive therapy
The time at which to resume antiresorptive administration after a drug holiday is dependent on the balance between the healing of surgical wounds and control of the primary disease. If fracture risk or bone metastasis is well-controlled, resumption of antiresorptive treatment is recommended approximately 2 months after the invasive dental procudure, when the damaged alveolar bones are expected to have healed. However, if fracture risk is high or bone metastasis progresses during the drug holiday and resumption of antiresorptive therapy is urgent, and if there are no signs of infection around surgical wounds, 2 weeks after invasive dental treatment, when epithelialization of the surgical site is almost complete, may be the earliest possibility. Dentists must immediately inform physicians of healing of surgical wounds so that administration of antiresorptive agents is resumed without delay.
Dental treatment in pediatric patients treated with BPs for osteogenesis imperfecta (OI)
Intravenous injection of pamidronate is most commonly used for treatment of pediatric patients with OI. There are no reports of BRONJ in these patients following dental treatments, including tooth extraction [43, 44] . Denosumab also has beneficial effects on OI [45] . It is unknown whether these pediatric OI patients developed DRONJ following invasive dental treatment.
Management of ARONJ
The management of BRONJ by dentists and oral surgeons has improved markedly. In contrast, there is still relatively little information on the management of DRONJ. Since the inhibitory effects of denosumab are transient and reversible, the prognosis for DRONJ appears to be less serious than that for BRONJ. However, because the differences in the pathophysiological characteristics between DRONJ and BRONJ are currently unclear, it is recommended that BRONJ and DRONJ are treated in essentially the same manner.
The therapeutic recommendations described below are a summary of previously published case studies and expert opinions, and are not validated by evidence-based medicine.
Goal of treatment of ARONJ
Treatment of ARONJ should be performed in line with the following three objectives:
1. Prevention of extension of ONJ 2. Maintenance of patient quality of life (QoL) by relieving symptoms including pain, pus discharge, and paresthesia, and by control of infection 3. Patient education and routine follow-up for oral health care by dental experts.
Treatment of ARONJ
Choice of conservative or surgical treatment
Treatment of ARONJ varies with the stage of the disease. However, regardless of the stage, the protocol must include treating dental and periodontal diseases, maintaining and improving oral health with antibacterial mouthwash, and systemically administering antibacterial agents. Importantly, isolated sequestra must be eliminated to promote healing of soft tissue and to prevent further extension of ONJ. Therapeutic strategies based on ARONJ stage are summarized in Table 3 . Until several years ago, first-line treatment for ARONJ consisted of conservative approaches, and surgical therapies were performed only when advancement of ONJ and prevailing infection could not be prevented by conservative means. However, many recent clinical case studies have shown that surgical approaches are more successful than conservative therapies in curing Stage 2 and 3 ARONJ [46] , leading to a trend toward a preference for surgical over conservative methods [3, 4, 8, 13] . To ensure success with surgical treatment, the complete elimination of ARONJ lesions and closure of surgical wounds is critical, along with systemic administration of antibacterial agents. For patients with a history of malignant tumors, histopathological examination of all necrotic bones removed will be needed to exclude the possibility that excised ARONJ lesions are tumor metastases to the jaw. Isolated sequestra should be completely removed, without exposing healthy bones surrounding ARONJ lesions, regardless of disease stage. In addition, since tooth extraction per se is unlikely to exacerbate existing ARONJ lesions, removal of affected Removal of sequestra, curettage of necrotic bones, osteotomy, extraction of tooth in exposed bone/necrotic bone as source of infection, maintenance of nutrition with supplements and infusions, and marginal or segmental resection of expanding necrotic bones teeth in exposed necrotic bones is recommended. For Stage 1 ARONJ, on the other hand, researchers have reported that conservative approaches are still recommended [47] . Notably, however, the same authors recommended surgical therapy if ARONJ advances to Stage 2 or 3 [48] . Thus, improvement in surgical techniques and infection control are requisites for more successful management of ARONJ.
Administration of antibacterial agents
There are no evidence-based recommendations with regard to choosing the type of antibacterial agent or length of administration for ARONJ treatment. The survey conducted by the Japanese Society of Oral and Maxillofacial Surgeons showed that various classes of antibacterial agents were given intravenously, orally, or in combination for varying lengths of time. Of interest, a study from a Japanese group reported that 2-to 10-week administration of sitafloxacin resolved or cured some cases of Stage 2 and 3 BRONJ [49] . However, long-term administration of antibacterial agents may not be recommended, considering the risk of acquired drug resistance.
Treatment with parathyroid hormone (teriparatide)
Systemic administration of low doses of recombinant parathyroid hormone (teriparatide) has been shown to resolve ONJ symptoms and promote a cure [50] . Studies in Japan have also shown improved bone regeneration and healing in ONJ lesions with the use of teriparatide [51, 52] . However, these results are all derived from case reports, not prospective randomized controlled studies, and thus do not yet provide robust medical evidence to endorse the use of teriparatide for treatment of ARONJ. It should also be noted that administration of teriparatide is contraindicated in patients with metastatic bone tumors, and its total dose and period of administration is restricted as well. Thus, the advantages and benefits of teriparatide for treating ARONJ still need to be validated.
Other treatments
Low-intensity laser therapy, hyperbaric oxygen therapy, and local administration of platelet-derived growth factor (PDGF) have also been attempted, but their efficacy is uncertain at this time [2, 4] .
Administration of antiresorptive agents to patients undergoing treatment for ARONJ
Discontinuation of anti-resorptives in cancer patients with progressive bone metastases is not recommended. On the other hand, for patients with osteoporosis, excluding those with high fracture risk, anti-resorptive therapy may need to be discontinued until the treatments of ARONJ are completed. In support of the validity of a drug holiday during ARONJ treatment, one study reported faster resolution of ARONJ by 6 months in patients who had a drug holiday versus those who continued to receive antiresorptive therapy after surgical treatment of ARONJ [53] .
Importance of cooperation between physicians and dentists in the treatment of ARONJ
The results of the Japan Osteoporosis Society survey indicated that dentists frequently requested discontinuation of anti-osteoporotic agents unrelated to ARONJ, and nearly 30% of these agents were drugs other than BPs or denosumab [32, 33] . Therefore, dentists must be reminded that not all anti-osteoporotic agents are associated with ARONJ. On the other hand, the same survey showed that 62% of physicians did not refer patients to dentists for oral health care and 72% did not consult with dentists before starting antiresorptive treatment [33] . This suggests a lack of communication and interaction between physicians and dentists in the treatment of patients with ARONJ, leading to circumstances in which the incidence of ARONJ in Japan is still increasing. ARONJ is a disease possessing both medical and dental aspects, requiring coordinated and systematic management by both physicians and dentists. The Allied Committee strongly recommends the organization of a team comprising medical and dental experts in order to establish preventive and therapeutic approaches for ARONJ.
Future perspectives
Despite the more than 10 years that have passed since the first published report of BRONJ, our understanding of the epidemiology and pathophysiology of ARONJ remains limited. It is almost certain that in the near future, new antiresorptive agents, with molecular mechanisms of action and pharmacokinetics distinct from those of currently available antiresorptive drugs, will emerge and will be used for the treatment of osteoporosis and bone metastases, resulting in the occurrence of ONJ with clinical characteristics different from those of BRONJ and DRONJ. To properly control these likely situations, identification of risk factors and an understanding of the pathophysiological mechanisms of ARONJ are crucial. The most puzzling issue presently is the low incidence of ARONJ in patients with osteoporosis, affecting only one in 10,000-100,000 persons annually. If the risk factors listed in Table 2 are associated with the occurrence of ARONJ, the prevalence of the disease is most likely much higher, suggesting that as-yet-unknown mechanisms or risk factors contribute to ARONJ. Furthermore, the mechanism causing the spontaneous occurrence of ARONJ in patients receiving antiresorptive therapy without invasive dental treatment must also be uncovered. Pre-clinical animal models are an essential tool for determining the mechanism of disease to enable the design of mechanism-based therapeutic interventions. Several animal models of ARONJ have been developed over the last several years and have significantly advanced our understanding of its pathophysiology [29] [30] [31] . However, these animal models only partially represent the pathological conditions of human ARONJ, and the clinical relevance of the models is still far from satisfactory. Thus, animal models of ARONJ that more closely resemble human ARONJ must be established to further advance research and treatment of the disease. Also, many hurdles must be overcome in order to extrapolate the results obtained in animal models to human patients.
There are also many challenging issues to be addressed. At the cellular level, we have a poor understanding of the effects of antiresorptive agents on the differentiation, proliferation, and motility of oral epithelial cells that play a critical role in closure of tooth extraction sockets to protect alveolar bone from exposure to the oral cavity. In addition, greater clarity is needed regarding the response to antiresorptive agents by immune cells and hematopoietic stem cells in bone marrow that directly or indirectly contributes to bone remodeling.
Clinical issues to be addressed include (1) the significance and effects of an antiresorptive drug holiday with respect to prevention of ARONJ, (2) choice and regimen of antibacterial agents for ARONJ prevention, (3) drug resistance induced as a consequence of long-term use of antibacterial agents, (4) development of imaging techniques for better detection of the margins of ARONJ lesions to facilitate surgical treatment, (5) definitive criteria for decisions regarding conservative, surgical, or combined approaches for ARONJ treatment according to the disease stage, (6) evidence-based effectiveness of medicinal therapies for ARONJ including teriparatide and other bone-modifying agents, and (7) validation of the therapeutic value of hyperbaric oxygen and low-intensity laser.
Necrosis of the external auditory canal was recently reported to be associated with BP treatment, although the number of cases was extremely small [54] . The Pharmaceuticals and Medical Devices Agency (PMDA) of Japan lists it as a serious adverse effect and alerts users to this risk.
The treatment of patients with osteoporosis, bone metastases, and ARONJ should not be compromised by a lack of communication between physicians and dentists [55] . One reason for the increasing occurrence of ARONJ in Japan may be physicians' lack of interest in and understanding of dental treatments. However, dentists must also recognize that the incidence of ARONJ is extremely low, and that antiresorptive agents are safe and beneficial for fracture prevention and suppression of bone metastases. Dentists are expected to understand the mechanism of action and indications for antiresorptive therapy, and should not deny dental treatment to ARONJ patients because of unnecessary and non-scientific concerns regarding the occurrence of ARONJ. It is not appropriate to ask physicians to modify therapeutic strategies for osteoporosis management during dental treatments. The Allied Committee proposes the establishment of an environment of close cooperation between physicians and dentists, enabling them to share epidemiologic, pathophysiologic, diagnostic, and therapeutic information in order to provide the best treatment for patients with ARONJ.
Conclusion
ARONJ is a rare but intractable complication in cancer patients with bone metastases and patients with osteoporosis who are treated with antiresorptive agents. Data on ARONJ supported by evidence-based medicine are still sparse. However, the diagnosis and staging of ARONJ, identification of risk factors, and development of preventive and therapeutic approaches have advanced significantly over the past decade. In particular, reports showing that extensive infection control in the oral cavity before invasive dental treatment reduces or prevents the occurrence of ARONJ are encouraging for physicians who prescribe antiresorptive therapy and dentists/oral surgeons who treat ARONJ. For successful treatment of each individual case of ARONJ, the choice of best therapeutic option should be made with informed consent and agreement among a collaborative team of physicians, dentists, oral surgeons, and medical and dental staff who share consolidated patient information.
Finally, it should be noted that this Position Paper 2017 provides a summary of the current available literature regarding ARONJ, but does not provide proposals supported by evidence-based medicine.
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